Background Despite newer agents, chemotherapy-induced nausea and vomiting (CINV) continues to remain a distressing side effect to a proportion of patients undergoing systemic anti-cancer therapy. Methods We recently performed an unplanned secondary analysis on a previously reported negative phase III trial (N08C3) looking at the efficacy of gabapentin/placebo in combination with dexamethasone and a 5HT3 receptor antagonist in the prevention of CINV for 413 patients undergoing regimens with highly emetogenic chemotherapy (HEC). In the current study, we attempted to better understand the higher than expected rate of overall patient satisfaction, despite a low complete response rate in both arms. Additionally, we looked at patient variables and their relationship to rates of CINV. Results Approximately one third of patients experienced more than mild nausea and reported scores on the Functional Living Index-Emesis that indicated interference with activities. Thirty-five percent reported nausea greater than 2.5 on a scale of 0 to 10 (0 being none), 19 % reported at least one emetic episode, and 49 % reported taking rescue medication. Nausea and vomiting on day 1, cisplatin therapy, and history of motion sickness significantly predicted delayed CINV. Age, combination chemotherapy (HEC with moderately emetogenic), and getting treatment for breast cancer predicted CINV on day 1. Discussion These data confirm previous reports that subgroups of patients may be more prone to acute and delayed CINV. Future CINV study design may benefit from a more individualized approach to CINV management, targeting those patients who are truly at risk for CINV despite continued drug development efforts.
Introduction
Chemotherapy-induced nausea and vomiting (CINV) remains a significant source of distress and dissatisfaction among patients receiving cancer treatment. There are two distinct forms of CINV: acute (≤24 h after chemotherapy) and delayed (>24 h after chemotherapy). Even with the emergence of 5HT3 and NK1 receptor antagonists, some patients continue to struggle with delayed CINV, particularly those who are undergoing regimens containing highly emetogenic chemotherapy (HEC) [1] . Prior to the introduction of 5HT3 receptor antagonists, the incidence rate of acute nausea and vomiting was approximately 40 % after cisplatin regimens and delayed nausea and vomiting was experienced by 93 % of the patients [2] . Sixty-eight percent of patients reported both nausea and vomiting; 19 % reported only nausea; 6 % reported only vomiting [2] . In the era of treatment with dexamethasone and 5HT3 antagonists, as well as NK-1 receptor antagonists, the rates of delayed nausea dropped to around 50 %, with delayed emesis in around 30-50 % of patients [3] [4] [5] .
To address the identified gap in complete control of CINV for all patients, the North Central Cancer Treatment Group (NCCTG, now part of the Alliance for Clinical Trials in Oncology) recently conducted N08C3, a phase III randomized, double blind placebo-controlled trial utilizing gabapentin plus dexamethasone versus placebo with dexamethasone for the prevention of delayed CINV after standard treatment with a 5HT3 receptor antagonist and dexamethasone on the day of chemotherapy. This trial was negative, showing no difference in complete response rates (defined as no emesis and no rescue medications on days 2 through 6) between the two therapy arms [6] . N08C3 demonstrated complete response rates for delayed nausea and vomiting of 47 and 41 % (P = 0.23) in the gabapentin and placebo arms, respectively. Despite the lower than expected complete response rates (less than 50 %), participants rated their overall satisfaction for the control of nausea and vomiting (days 2-6) at a mean of 8.7 (range 0-10 with 10 being completely satisfied) in the group receiving gabapentin and 8.5 in the placebo group [6] . Due to the high rate of satisfaction but lower than expected complete response rates, we re-examined the N08C3 data with the following objectives in mind. The first objective (aim 1) was to identify the prevalence of patients who reported more severe CINV symptoms that interfered with activity. We sought to determine the prevalence of patients reporting, in the delayed phase (days 2-6), more than mild nausea (>2.5), any emesis, or use of rescue medications (as captured on a daily diary). As part of aim 1, we also sought to determine the prevalence of patients reporting scores on the Functional Living IndexEmesis (FLIE) that indicate interference with activity due to CINV (total scores under 108 and subscale scores under 54). The second objective (aim 2) was to determine which characteristics predicted patients that reported a nausea score >2.5 nausea, characteristics of patients with any vomiting, or those who took rescue medications in the delayed phase. The third objective (aim 3) was to calculate the number of patients who reported taking rescue medications without any evidence of emesis or >2.5 nausea during the delayed phase.
Patients and methods

Eligibility criteria
Patients in the parent study were eligible if they had not previously received highly or moderately emetogenic chemotherapy (HEC and MEC) and were scheduled to receive HEC (regimens were required to include at least 7 days between cycles of HEC administration), had an ECOG performance status of 0-2, were able to swallow pills, and were able to provide written informed consent. Each participant signed an IRB-approved, protocol-specific informed consent in accordance with federal and institutional guidelines.
Patients were considered not eligible for the parent study if they had current or prior use of (or sensitivity to) gabapentin or other anticonvulsants, lorazepam, diphenhydramine, eszopiclone, and/or dronabinol, or had any planned prophylactic use of these drugs outside of the study regimen during the 6 days of the study, except for the treatment of breakthrough nausea and vomiting. Additionally, patients were excluded for any prior or planned use of aprepitant or any other NK-1 receptor antagonist during the study, since at the time the protocol was written; NK-1 receptor antagonists were not yet the standard of care throughout all cancer treatment facilities. Finally, patients were not allowed to participate in the study if they had received pelvic or abdominal radiotherapy within 1 week prior to study enrollment, or had prior gastrointestinal obstruction, active peptic ulcer disease, uncontrolled heartburn, or a history of nausea and vomiting with any previous chemotherapy.
Treatment
Patients were randomly assigned to receive either gabapentin (300 mg) or placebo pill beginning on the evening of day 1 of their first chemotherapy cycle. The dose was increased on days 2 and 3 to one gabapentin/placebo pill twice daily. On days 4 and 5, patients could be titrated up to one gabapentin/ placebo pill three times daily if they were not satisfied with their control. All patients received prophylactic treatment on day 1 for acute CINV with a 5HT3 receptor antagonist (provider/patient choice) and dexamethasone 20 mg. Patients received prophylaxis for delayed CINV on days 2-4 with decreasing doses of dexamethasone (8 mg orally (PO) twice daily (BID), days 2 and 3, and 4 mg PO BID on day 4) with or without a 5HT3 receptor antagonist (clinician preference).
Secondary outcomes analyses
Since there were no significant differences in nausea and vomiting outcomes based on study arm, secondary analyses were conducted utilizing data from the combined sample. Data collection and statistical analyses were conducted by the Alliance Statistics and Data Center. All analyses were based on the study database frozen on August 7, 2011.
Aim 1
The first part of aim 1 was to determine the prevalence of patients meeting specified criteria for three outcomes of interest in the patient diary. For each outcome, the number of participants who fit the criterion was divided by those who did not, to determine the prevalence. The first outcome was delayed nausea. In the diary, participants were asked to rate their daily average severity of nausea on a 0 to 10 scale (10 being the worst) over the past 24 h. Patients who met the criterion for delayed nausea reported more than mild nausea, defined as a score of greater than 2.5 on the nausea and vomiting diary, on any of the days 2-6. The maximum reported nausea rating on days 2 through 6 was used for prevalence determination. The second variable was emesis. Participants responded daily to a question asking them how many times they vomited in the past 24 h. Any participant who marked at least 1 on any of the days 2 to 6 were counted as having delayed emesis. For the third variable, use of non-protocol antiemetics, participants responded daily to a question asking if they took any medications for nausea or vomiting in the past 24 h in addition to the study medication. Anyone marking yes on any of the days 2 through 6 was counted as taking rescue medications.
The FLIE total scale and subscales were calculated. Scores of less than 108 have been shown to be associated with a negative impact on activity on the total scale. For the subscales, scores lower than 54 are indicative of a negative impact. The percentage of patients scoring under these cut points was calculated [7] .
Aim 2 Separate univariate and multivariate analyses were performed with the following dependent variables: nausea >2.5 days 2-6, any emesis days 2-6, and use of rescue medications days 2-6. In univariate analyses, variables with a p value <0.10 were selected for inclusion in multivariate analyses. Variables controlled for in each model included use of gabapentin, emesis on day 1, nausea severity on day 1, age, gender, disease (breast versus other), use of palonosetron (versus a first-generation 5HT3 receptor antagonist) day 1, type of chemotherapy (cisplatin vs other), use of 5HT3 receptor antagonist after day 1, history of alcoholism, history of motion sickness, and use of moderately emetogenic agents along with the highly emetogenic agents (versus HEC only). Additional independent variables for model 3, where rescue medication use was the dependent variable, included nausea severity on days 2 through 6 and any emesis on days 2 through 6. Aim 3 For this aim, the sample was split into two groups: patients who took rescue medication (from aim 1) and those who did not. For those who took rescue medication, frequencies were determined for those who reported nausea <2.5 on days 2 through 6 AND did not report any emesis.
Results
Between May 1, 2009 and February 4, 2011, 430 patients were enrolled to study N083C. Of those, 17 never received treatment and are not included in this analysis. Patient characteristics are shown in Table 1 . Regarding aim 1, at some time during the delayed phase (day 2-6), 143/413 (35 %) patients reported nausea severity greater than 2.5, 80/413 (19 %) patients reported at least one emetic episode, and 202/413 (49 %) patients took rescue medication. Thirty-three percent of patients scored less than 108 on the FLIE total score, indicating a negative impact on activities. When considering the nausea and vomiting subscales individually, 38 % of patients scored less than 54 on the nausea subscale and 20 % of patients scored less than 54 on the vomiting subscale.
Regarding aim 2, significant predictors of more than mild nausea (>2.5) on days 2-6 in the multivariate model were significant nausea on day 1 and history of motion sickness. Table 2 shows the p values and odds ratios for each of the significant variables in the univariate model and then the p values and odds ratios for the multivariate model. Significant predictors for emesis on days 2 through 6 in the multivariate model included receiving cisplatin-based chemotherapy, experiencing emesis on day 1, and experiencing nausea greater than 2.5 on days 1. Table 3 shows the univariate and multivariate p values and odds ratios. With respect to the use of rescue medication during days 2 through 6, the multivariate model indicates emesis on day 1 or on days 2-6, nausea greater than 2.5 on days 2 through 6, and history of motion sickness were predictive. The use of palonosetron was not a significant factor associated with delayed or acute nausea and vomiting in this sample. Table 4 shows the p values and odds ratios for the univariate and multivariate models. Since day 1, emesis and nausea were prognostic for similar events on days 2 through 6; baseline demographics were explored to identify variables associated with these day 1 events. Based on univariate and multivariate logistic models, age was the strongest predictor of having emesis on day 1 (p < 0.0001). The odds ratio (95 % confidence interval) for age was 0.937 (0.912 to 0.963), indicating that younger patients were at a greater risk for emesis on day 1. After adjusting for age, no other variables were significant for day 1 emesis.
Variables related to having significant nausea (nausea score >2.5) on day 1 were age (p < 0.0001, odds ratio of 0.943), having breast cancer (p = 0.0054, odds ratio of 2.335), and the addition of any moderate emetogenic agents (p = 0.0149, odds ratio of 2.04).
We also evaluated what factors were predictive of having no emesis and no nausea >2.5 on days 2 through 6. Being of an older age (p = 0.001), not receiving moderately emetogenic agents in addition to highly emetogenic chemotherapy (p < 0.02), and having no emesis or nausea >2.5 on the day of chemotherapy, day 1 (p < 0.0001), were significant predictors in the univariate analysis. However, when all variables were controlled for in the multivariate analysis, only one factor, having no nausea >2.5 on day 1, remained significant (p < 0.0001; odds ratio 6.47 (3.71-11.29)). Finally, we looked at the characteristics with regard to nausea severity and emesis in patients who took rescue medications during days 2-6 of the study. Table 5 lists these characteristics. Over a third (38 %) of the participants who reported taking rescue medications did not report nausea greater than or equal to 2.5 in severity or any emetic episodes.
Discussion
These data are consistent with many reports already in the literature. First, nausea and vomiting early on (i.e., cycle 1) is associated with CINV in later cycles [8] and there is a very high correlation between nausea and vomiting in the acute and delayed phases [9] . Our data support the idea that controlling CINV on the day of chemotherapy may go a long way in averting CINV on the later days of the cycle (days 2-6). According to this study, characteristics of patients at risk for CINVon day 1 are those who are younger, receiving moderate emetogenic chemotherapy in addition to highly emetogenic chemotherapy, and those receiving treatment for breast cancer. Second, these data confirm that a history of motion sickness is also a significant predictor of nausea and vomiting, as is cisplatin-based therapy [10, 11] . It is interesting that, though age was not predictive in the multivariate analysis, it was predictive for both nausea and vomiting on day 1 and was the only significant variable for emesis on day 1.
It was curious to us that participants rated their satisfaction highly, though by standard definitions of response, less than half had a complete response to their prophylactic medication. Mild nausea nausea score greater than zero but less than or equal to 2.5 on any of days 2 through 6, Significant nausea nausea score greater than 2.5 on any of days 2 through 6
Indeed, the prevalence of nausea >2.5 and emesis was 35 % in this study during the delayed phase, yet almost half of the population took rescue medication. Despite the fact that our models demonstrated that both emesis and nausea >2.5 on days 2-6 were significant predictors of those who took rescue medication, our data also reveal that 38 % of people who took rescue medication had mild or no nausea and no emesis. The multivariate analysis provides data to support that a history of motion sickness might have had a role in this. Perhaps patients used rescue medication more preventatively at low levels of nausea if they have had a history of motion sickness in order to avert any unpleasant experiences. Overall, 19 % of the patients in this study who were receiving HEC had some vomiting throughout days 2 to 6 and just over a third (35 %) had nausea that was rated over 2.5. Earlier studies describing incidence in patients who did not receive aprepitant are a bit higher, with 32 % of patients reporting delayed emesis and 54 % reporting delayed nausea [7] . Rates of breakthrough vomiting in the delayed phase, in studies where patients received an NK-1 antagonist with HEC, range from 10 to 28% [12] and rates of more than mild nausea range from 26 to 30 % [13, 14] . So, while our study did not have complete response rates that were as good as the early studies with NK1 antagonists, the rates of emesis were equivalent and the prevalence of greater than mild nausea is only slightly higher.
The mean score on the total score of the FLIE indicated that the population in this study, on average, did not have CINV that negatively impacted their lives (mean score 108, median 120). The vomiting subscale score mean was 57, median 63, also indicating a lack of negative impact. The nausea subscale mean was 51, median 57, indicating that some patients did experience a negative impact from nausea. The percentage of patients who experienced a negative impact per the FLIE scores was 33 %. This rate is very similar to other studies reporting 23 % [7] , 37 % [15] , and 34% [16] of patients receiving either HEC or MEC had FLIE scores under 108, indicating negative impacts on their functioning.
In the present pursuit of precision medicine, it would be efficient to design future studies focusing on nausea and vomiting in the 20-40 % who actually are likely to experience these symptoms despite current standard treatment. By targeting this population that needs better treatment, sample sizes could likely be cut in half, making studies more cost efficient. Eligibility criteria that would apply based on our models would include those of a younger age (under 50), those getting a combination of HEC and MEC, and receiving treatment for breast cancer. According to other studies, being female may also be an important eligibility criterion to include [16] . However, perhaps additional variables should be collected to better characterize this group of patients who do not have optimal results from standard antiemetics. Data related to pharmacogenomics [11, 17] and important psychosocial predictors (i.e., expectations, anxiety, coping) may also be useful [10, 18] .
Due to the fact that the pathophysiology of chemotherapyinduced nausea and vomiting is known, drug development continues with new agents targeting important receptors being evaluated regularly. Novel designs to target those patients who are currently not benefiting from standard treatment would be a step toward efficient science and perhaps reduce the burden of clinical trials for hundreds of patients who are already experiencing good control of their symptoms. 
